Rosai-Dorfman disease is a rare benign histiocytic disease that infrequently presents in the spine. We report a case of Rosai-Dorfman disease isolated to the epidural thoracic spine in a 26-year-old male. To our knowledge, this is the 15th reported case of isolated spinal disease and only the fourth case of isolated thoracic epidural disease. Given its rarity as well as non-specific symptoms and imaging findings, Rosai-Dorfman disease is often not considered and misdiagnosed on imaging studies. To help improve awareness of Rosai-Dorfman spinal disease, we review the literature and discuss the epidemiology, clinical presentation, imaging features, and treatment considerations for this condition.
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malignant process (such as lymphoma or metastasis) was favored over an epidural hematoma or infectious etiology (abscess or phlegmon).
The patient was taken to the operating room to decompress the spinal canal and to obtain tissue for pathologic diagnosis. A laminectomy from T2-T5 was performed, which revealed a firm, well-encapsulated mass with high vascularity in the epidural space. This mass was resected. Pathology revealed fibroconnective tissue with a lymphoplasmacytic infiltrate and clusters of atypical histiocytes. These histiocytes demonstrated emperipolesis (Figure 2A ). They also stained positive for S100 and negative for CD1a ( Figure 2B ). These findings were consistent with a diagnosis of Rosai-Dorfman disease. Flow cytometry and immunohistochemical analysis provided no evidence of lymphoma. A CT of the chest, abdomen, and pelvis as well as a brain MRI were performed to evaluate for other sites of disease in the body. No other lesions were identified.
Following the resection, the patient had full resolution of his neurologic deficits. He only reported intermittent back pain, which began following the resection. Throughout a follow up period of 18 months, the patient remained otherwise asymptomatic.
Etiology & Demographics:
Rosai-Dorfman disease, also known as sinus histiocytosis with massive lymphadenopathy, is a rare benign histiocytic disease. There are an estimated 100 new cases per year in the United States (Table I) [1] . Although Rosai-Dorfman disease has been reported in all age groups, it most frequently presents in children and young adults [1] . It is also slightly more common among males (1.4:1 male to female ratio) [2, 3] . The etiology of Rosai-Dorfman disease is unknown. Although there is some evidence that viral infections (including human herpesvirus 6 [HHV-6] and Epstein-Barr virus [EBV]) or immune dysfunction may play a role, these etiologies have not been definitively established [2, [4] [5] [6] [7] [8] [9] [10] . Molecular studies have demonstrated that Rosai-Dorfman disease is a polyclonal disorder, suggesting the disease is reactive rather than neoplastic [11] .
In Rosai-Dorfman disease, nonmalignant histiocytes proliferate and infiltrate nodal and extra-nodal tissue. It most often presents as massive and painless cervical lymphadenopathy with fever, malaise, weight loss, leukocytosis, polyclonal hypergammaglobulinemia, and an elevated ESR. Over 40% of patients develop extra-nodal disease, with sites including the skin, upper respiratory tract, salivary glands, orbit, eye, GI tract, breast, bone (including vertebral), and the heart [12] [13] [14] [15] [16] .
Rosai-Dorman Disease in the Central Nervous System Rosai-Dorfman disease within the central nervous system (CNS) is very rare, with less than 5% of reported cases documenting CNS involvement [17] . The majority of these cases have disease isolated to the CNS (>80%) and involvement of the intracranial space (>90%) [18] . Disease of the spine appears particularly uncommon [18] . In order to identify other case reports of spinal Rosai-Dorfman disease, we searched the English literature using PubMed for the period of 1969 to June 2015. Search terms included RosaiDorfman disease, sinus histiocytosis with massive lymphadenopathy, central nervous system, epidural, dural, and spine. Within the relevant manuscripts, we also reviewed all cited references to identify other case reports. Through this search, we identified less than 50 reported cases of RosaiDorfman disease with spinal involvement. There have been only 15 reported cases of disease isolated to the spine, including the present case (Tables II and III) [13, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Out of these 15 cases, six had epidural disease, seven had intradural disease, and two had intramedullary disease in the cord. The lesions most commonly occurred in the thoracic (ten cases) and/or cervical (seven cases) spine. To our knowledge, the current case represents just the fourth report of RosaiDorfman disease isolated to the epidural thoracic spine.
Individuals with Rosai-Dorfman CNS disease tend to present at a later age (mean of 39 years) than those without CNS involvement (mean of 21 years) [13, 18] . This was a consistent finding among those with disease isolated to the spine (median 35 years; range 7-78 years) or the epidural thoracic space (median 35.5 years, range 26-51 years) ( Table  I ). Similar to systemic disease, spinal Rosai-Dorfman disease has occurred more frequently in males (nine cases) than females (six cases).
As seen with our patient, common presenting symptoms for patients with Rosai-Dorfman spinal disease include the progressive onset of limb paraparesis, limb sensory deficits, gait difficulty, urinary and bowel incontinence, and back pain (Table II) . Generally, these symptoms develop over a course of weeks to months, although two cases reported the acute onset of symptoms over days [19, 26] . While constitutional symptoms are frequently present in those with Rosai-Dorfman disease outside the CNS, constitutional symptoms are rare among those with isolated CNS disease [31] . In particular, none of the case reports of Rosai-Dorfman disease isolated to the spine documented the presence of constitutional symptoms, although only five of the reports specifically noted their absence. Laboratory abnormalities are variably observed among those with spinal Rosai-Dorfman disease. Of the seven cases reporting such data, ESR was elevated in four cases, leukocytosis occurred in two cases, and anemia was detected in two cases. No patient was reported to have polyclonal hypergammaglobulinemia.
Rosai-Dorfman disease within the CNS may also have implications for our understanding of CNS anatomy and physiology. Classic teaching maintains that the CNS is devoid of conventional lymphatic structures [32] . As discussed above, however, molecular studies indicate that Rosai-Dorfman disease is a reactive process, suggesting a lymphatic origin for the disease. Therefore, the presence of Rosai-Dorfman lesions within the CNS provides some evidence that CNS lymphatic structures indeed exist. Supportive of this conclusion is a recent study by Aspelund et al., which demonstrated the presence of dural-based lymphatic networks in transgenic mice [33] .
Imaging Findings:
Imaging findings for Rosai-Dorfman disease in the CNS are non-specific. As in the present case, isolated spinal disease appears as well-circumscribed dural or extra-dural masses on MRI. On T1WI, the majority of lesions are iso-intense to the spinal cord, although hyper-intense and hypo-intense lesions have been reported (Table III) . On T2WI, the lesions are commonly hypo-intense or iso-intense. Homogeneous enhancement is observed following gadolinium administration.
These imaging findings for isolated spinal disease are consistent with published imaging findings for intracranial Rosai-Dorfman disease [34] [35] [36] [37] . While computed tomography (CT) imaging was either not performed or not documented in the case reports for isolated spinal disease, Rosai-Dorfman lesions appear as hyper-dense and homogenously enhancing dural-based masses intra-cranially [13] . As was observed in the present case, a heterogeneous hypo-intensity on T2WI MRI has been reported for numerous cases of intracranial Rosai-Dorfman disease [13, [35] [36] [37] [38] [39] . Several authors have proposed that this MRI feature may be helpful in distinguishing Rosai-Dorfman disease from meningiomas, which are more commonly iso-or hyper-intense on T2WI [40] [41] [42] . The foci of T2WI hypo-intensity may reflect the presence of free radicals produced by macrophages during phagocytosis, necrosis, fibrosis, or erythrophagocytosis [30] . Calcification is rare in Rosai-Dorfman disease and is not thought to contribute to the hypo-intense signal. Among cases of isolated spinal disease, only one other publication noted a heterogeneous T2WI hypo-intensity [22] . Yet, T2WI imaging findings or homogeneity of signal were unreported in a number of the case reports. Diffusion-weighted imaging (DWI) was not performed in our case. However, other authors have reported a heterogeneous signal on DWI with an increased signal on apparent diffusion coefficient (ADC) mapping for Rosai-Dorfman lesions within the CNS [43, 44] .
Differential Diagnosis:
Because imaging findings for Rosai-Dorfman disease are non-specific, it is often misdiagnosed on imaging. As in the present case, the main differential diagnosis for RosaiDorfman disease localized to the epidural spine includes a hematoma, abscess or phlegmon, meningioma, metastasis, or lymphoma (Table IV) . Although rarer, sarcoidosis and immunoglobulin G4 (IgG4)-related meningeal disease should also be considered. Early subacute or chronic hematomas can appear hypo-intense (sometimes with heterogeneity) on MRI T2WI; however, they are often associated with a history of trauma and typically do not homogenously enhance [45] . Epidural phlegmons diffusely enhance, while abscesses show peripheral enhancement [46] . These infectious processes are T2WI hyper-intense, and patients usually have constitutional symptoms. Characteristically, pyogenic infectious processes are hyper-intense on DWI with a corresponding low signal on ADC mapping [47] . Malignancies commonly homogenously enhance with contrast given their vascularity. Metastases demonstrate variable signal intensity of MRI depending on their cellularity, but they are often T1WI hypo-intense and T2WI hyper-intense [48] . These lesions tend to involve contiguous vertebral bodies. Lymphomas tend to be iso-intense on T1WI. On T2WI, they are usually iso-or hyper-intense; however, hyper-cellular lesions can display hypo-intensity [49] . Meningiomas show diffuse enhancement, T1WI isointensity, and T2WI iso-or hyper-intensity [50] . T2WI hypointensity occurs less frequently [13] . The vast majority of meningiomas are intradural rather than epidural [51] . Sarcoidosis can infrequently present with isolated spinal disease. In published case reports, MRI findings for extramedullary sarcoidosis include T1WI hypo-or isointensity, T2WI hyper-intensity, and homogenous enhancement [52, 53] . Finally, there have been rare case reports of IgG4-related meningeal disease causing linear dural thickening or mass lesions within the spine [54] [55] [56] . On MRI, these lesions appear hypo-or hyper-intense on T2WI and they homogenously enhance.
Pathologic Findings:
Biopsy remains the gold standard for diagnosis. The histologic features of CNS Rosai-Dorfman disease include the presence of atypical histiocytes intermixed with plasma cells and lymphocytes. An increased background of collagen and/or reticulin fibers can be observed [19, 20] . The histiocytes characteristically display emperipolesis. Emperipolesis is defined by the phagocytosis of intact lymphocytes by macrophages [22] . While this finding is consistently present in nodal disease, it is reported to occur in approximately 70% of cases with CNS disease [57] . Among the 13 cases of isolated spinal disease that reported pathology results, all had lesions demonstrating emperipolesis. Emperipolesis was previously seen rarely outside of Rosai-Dorfman disease. However, several studies have documented emperipolesis in rare cases B-cell lymphoma, autoimmune hemolytic anemia, myelosclerosis, carcinoma, neuroblastoma, multiple myeloma, and leukemia [20] . Histiocytes in Rosai-Dorfman disease additionally stain positive for the S100 protein and negative for the CD1a protein. Birbeck granules and calcification are not observed. These features help to exclude Langerhans cell histiocytosis, which typically shows positive staining for S100 and CD1a as well as the presence of Birbeck granules [25, 41] .
Treatment and Prognosis:
There are no uniform treatment guidelines for RosaiDorfman disease given its rarity. Since it is a non-malignant disorder, treatment is generally advised only in those who are symptomatic or have vital organ involvement, such as the CNS. Spontaneous resolution has been documented in 20% of patients with Rosai-Dorfman disease; however, spontaneous resolution does not occur in patients with CNS lesions [18, 20, 23] . Surgical resection is usually the first line treatment for patients with CNS disease. Most patients generally remain disease free for prolonged periods of time following resection [23] .
Among patients with isolated spinal disease, all were treated with surgical resection alone with the exception of one case. This individual also received radiotherapy given the extensiveness of her lesion [20] . Following resection, nearly all patients experienced either complete or incomplete resolution of their symptoms with no evidence of disease recurrence through the follow up period, which ranged from three months to four years. However, in one case, nodal disease eventually developed (Table III) [20] .
While not reported for isolated spinal disease, disease recurrences have been uncommonly reported in cases of intracranial disease, particularly when lesions were not completely resected [58] . Radiosurgery, steroids, and chemotherapy agents (etoposide, methotrexate, 6-mercaptopurine, azathioprine) have been variably effective in recurrent cases or in cases requiring systemic therapy [13, 18, 34, 38, [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] .
Given the benign nature of Rosai-Dorfman disease, the prognosis is generally good for both nodal and extra-nodal involvement [3] . However, rare fatalities have been reported, including in several patients with intracranial disease [19, 58] .
Rosai-Dorman disease is a benign histiocytic disease that can very rarely present as an isolated epidural lesion (4 reported cases). Imaging findings are non-specific; however, RosaiDorfman disease should be considered in the differential for a spinal epidural mass when MRI demonstrates a hypo-or isointense (potentially heterogeneous) signal on T2 weighted sequences as well as homogenous enhancement following contrast administration. Findings: On sagittal T2WI (A), sagittal T1WI (B), and sagittal T1WI post contrast (C) a mass spanning from the lower T1 to the T5 vertebral levels is observed in the dorsal epidural space (white arrows). The mass has heterogeneous T2 signal characteristics, iso-intense T1 signal relative to the spinal cord, and demonstrates avid, uniform enhancement. Mass effect includes severe narrowing of the spinal canal with spinal cord compression and subtle spinal cord intramedullary T2 hyper-intensity at the T3-T4 vertebral levels. Arrowhead in (B) shows the effacement of normal epidural fat by this mass at its inferior extent. Axial T2WI (D) and axial T1WI post contrast (E) MRI at the lower T3 level reveals the transverse extent of epidural mass (white arrows) with bilateral extension into the T3-T4 neural foramina and left greater than right extra-foraminal space. Selected vertebral levels are labeled within the vertebral body. No other abnormalities are observed in the vertebral column, spinal cord, or paraspinous soft tissues.
Technique: 1.5 Tesla General Electric (GE) Healthcare Genesis Signa HDxt scanner, software version 15 (GE Healthcare, Milwaukee, WI); sagittal T2 (TR 4016 ms, TE 105 ms, slice thickness 3 mm skip 1 mm), sagittal T1 (TR 500 ms, TE 13 ms, slice thickness 3 mm skip 1 mm), sagittal T1 post (TR 566 ms, TE 11 ms, slice thickness 3 mm skip 1 mm), axial T2 (TR 3666 ms, TE 106 ms, slice thickness 5 mm skip 1mm), axial T1 post (TR 616 ms, TE 19 ms, slice thickness 4 mm skip 0 mm).
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Neuroradiology:
Rosai-Dorfman Disease Isolated to the Thoracic Epidural Spine Lentiform; early subacute = T1WI hyper-intense and T2WI hypo-intense; late subacute = T1WI and T2WI hyper-intense, chronic = T1WI and T2WI hypo-intense; peripheral or no enhancement Epidural Abscess/phlegmon T1WI iso-or hypo-intense; T2WI hyper-intense; peripheral enhancement (abscess); homogenous enhancement (phlegmon) Lymphoma T1WI iso-intense; T2WI iso-or hyper-intense > hypo-intense; homogenous enhancement Sarcoidosis T1WI hypo-or iso-intense; T2WI hyper-intense; homogenous enhancement IgG4-Related Meningeal Disease T2WI hypo-or hyper-intense; homogenous enhancement * 
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